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Introduction: External fixators have very high infection rates (40-80% in one recent study), with significant risk
for additional complications due to the transdermal pathway of the fixator pins. Potential solutions include
antibacterial coatings intended to inhibit bacterial attachment and proliferation. To date, coatings have been
primarily pharmaceutical in nature, however the steady rise in drug-resistant bacterial strains (e.g., MRSA) has
eroded the effectiveness of these coatings. Recently, we have developed an antibacterial coating that is structural,
rather than pharmaceutical in nature. The coating is comprised of carbon-infiltrated carbon nanotubes (CI-CNTs)
in aligned “nanopillar forests” similar to the structure commonly found on dragonfly wings and cicada wings. In
the present work, we tested the feasibility of applying this structural antimicrobial coating to traditional external
fixator pins.
Materials and Methods: Two separate application processes (layered growth, direct growth) were used to
develop the CI-CNT coating on 316L stainless steel external fixator rods. Layered growth required an 80 nm
alumina coating which was vapor-deposited onto the external fixator pins (4.8 mm diameter) to serve as an
impermeable based layer. A 4 nm iron catalyst layer was then deposited on top of the alumina to provide the seed
microstructure for triggering CNT growth. In contrast, the direct growth process did not require deposition of
either alumina or iron, but rather triggered CNT growth directly from the stainless steel surface. For both
processes, CNT growth was conducted using a mixture of ethylene and hydrogen gas at 750 C, followed by
subsequent carbon infiltration at 900 C. For the layered growth process, infiltration used the same gas mixture,
while for the direct growth method, nonreactive argon gas was used in place of the hydrogen gas. Both processes
yielded a CI-CNT coating with a height of approximately 50 microns.
The CI-CNT coated external fixator pins, along with an uncoated pin as a control sample, were sterilized using
an autoclave, and then exposed to a 48-hour intensive MRSA incubation process. The pins were then removed,
fixed, dehydrated, gold-coated, and imaged under SEM to quantify MRSA biofilm presence.
Additional mechanical testing was performed to test the scratch resistance and changes in hardness for CI-CNT
coated samples versus the control.
Results: Carbon nanotube growth was evident on the substrates using both the layered and direct CI-CNT growth
processes. The layered growth samples exhibited uniform vertical CI-CNT alignment (Figure 1c), and virtually no
evidence of MRSA biofilm. For the direct growth samples, the CI-CNTs covered the surface but tended to grow
in unaligned clusters (Figure 1b) and had a slightly higher MRSA biofilm content. Both CI-CNT coated sample
groups exhibited significantly higher MRSA biofilm resistance as compared to the control pin (Figure 1a).
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Conclusion: Our preliminary results showed that CI-CNT coatings on stainless steel external fixator pins showed
significant resistance to MRSA biofilm proliferation as compared with uncoated pins. Thus, the dramatically
increased bacterial resistance of the CI-CNT coated pins observed in the present work warrants further preclinical study as it might provide a significantly enhanced barrier to the common problem of external fixator pin
infection.

